Objective: To compare labor induction with transcervical catheter to oral misoprostol treatment in primiparous women and women with an unripe cervix, who are at high risk for unsuccessful labor induction. Study Design: A retrospective study was carried out in a university hospital in Sweden. Primary outcomes were vaginal birth within 24 hours and the cesarean section rate. Secondary outcomes were the induction to vaginal delivery interval, chorioamnionitis and neonatal asphyxia. 
Introduction
Induction of labor is performed in up to 25% of term pregnancies in developed countries. It has increased in Sweden from 7% in the early 1990s to 16% in 2012 [1] [2] . Labor induction involves increased risks for prolonged labor and operative delivery. These disadvantages are particularly prominent in primiparous women and women with an unripe cervix [3] . Among these subgroups, preinduction cervical ripening is necessary for a successful vaginal birth (VB). To our knowledge, there are no reports on labor induction with transcervical catheter compared with oral misoprostol in women with different parity and different Bishop scores (BS). The Cochrane reviewers do not report such subgroup analyses [4] [5] .
Mechanical treatment with catheter for labor induction was first described in the 1860s [6] . The insertion of a transcervical catheter into the extraamniotic space separates the fetal membranes from the uterine wall, which stimulates the release of prostaglandins and oxytocin from the fetal membranes and uterine decidua [7] . These agents dissolve the glycosaminoglycan cross-links between the collagen fibrils in the cervical connective tissue, allowing for cervical effacement and dilatation [8] . The transcervical catheter may also stimulate neuroendocrine pathways interrelated with oxytocin synthesis and release, i.e. the Ferguson reflex [9] .
Prostaglandin (PG) treatment for labor induction has been used since the 1980s [10] . Oral administration was not used because of presumed less efficacy and fear for gastrointestinal side effects. However, oral treatment with the PGE1 analogue misoprostol is well tolerated and is followed by a lower risk for uterine hyperstimulation and neonatal asphyxia compared to vaginal misoprostol [1] [5] .
The choice of method is usually based on the caregiver's preference, the indication for labor induction, parity, BS and whether there is a medical history of a previous cesarean section (CS) or not.
The objective in this study was to investigate labor induction with transcervical catheter compared to treatment with oral misoprostol. The primary outcomes were VB within 24 hours and the CS rate. Secondary outcomes were the induction to vaginal delivery interval, as well as the rates of chorioamnionitis and neonatal asphyxia.
Material and Methods
The study was approved by the Ethics Board for Medical Sciences in Stockholm 2014/255-31. It was initiated as a quality contro project within the frames of the Medical Educational Programme at the Karolinska Institute. All clinical maternal and neonatal data were collected from original medical records in a tertiary hospital at the Department of Women's and Children's Health, Karolinska University Hospital, Solna, Sweden. Between January 1 st and December 31 st 2012, 3952 women gave birth at the obstetric unit. Of these, 839 women i.e. 21.2% had labor induced with amniotomy, oxytocin infusion, vaginal PGE2 or transcervical catheter (Figure 1) . According to the ICD-10 system and medical records 317 women, i.e. 37.8% of all inductions, underwent labor induction with transcervical catheter. Three women with intrauterine fetal death (IUFD) were excluded from the calculations. Accordingly, clinical data from 314 medical records were analyzed. A 22 Charrière Foley catheter (Meteko Instruments AB, Stockholm, Sweden) was inserted into the extraamniotic space at speculum investigation or digital examination according to the preference of the physician. After insertion, the catheter balloon was filled with water or NaCl 0.9% 50 mL and fastened to the thigh without traction. The position of the catheter was controlled by precoucious traction every 30 min. Immediately after expulsed, amniotomy was performed. If not expulsed after 8 hours, the catheter was removed and amniotomy was performed according to the clinical guidelines. Oxytocin (Syntocinon ® , CD Pharma, Sweden) infusion 5 U/500mL saline was started if no uterine contractions were observed within 1 hour after amniotomy, and immediately after catheter expulsion in the subgroup with prelabor rupture of the fetal membranes. The fetal heart activity was monitored with cardiotocography (CTG) 20 min before and after application and at labor onset. Between January 1 st and December 31 st 2013, 3916 women gave birth at the obstetric unit. Of these, 819 women i.e. 20.9% had labor induced with amniotomy, oxytocin infusion, oral misoprostol, vaginal PGE2 or transcervical catheter (Figure 2) . Oral misoprostol was introduced for labor induction in 2013, and 275 women had labor induced with this method. One participant was excluded because another method was used. Thus, 274 women i.e. 33.4% of all inductions were treated with oral misoprostol. Nine women with IUFD were excluded from the calculations. Accordingly, clinical data from 265 medical records were analyzed. Labor induction with oral misoprostol was carried out with the smallest available misoprostol (Cytotec ® , Pfizer, Sweden) tablet 200 μg dissolved in 20 mL of water resulting in a concentration of 10 μg/mL. A therapeutically adequate concentration of PGE1 was obtained [11] . A solution of 2.5 mL containing 25 μg misoprostol was aspirated in a 3 mL syringe, whereupon the woman sprayed the solution in her mouth. Thereafter, water was aspirated in the syringe and was swallowed. The treatment was continued every 2 hour until labor onset up to a maximum of 8 doses. Fetal heart activity was monitored with CTG 20 min before each dose and at labor onset. If uterine contractions were observed, the following dose was postponed for 2 hours, given that active labor had not started. When a BS > 5 was achieved, amniotomy was performed. Oxytocin (Syntocinon ® , CD Pharma, Sweden) infusion 5 U/500mL saline was started for augmentation of labor according to the clinical guidelines, if there was no progress within 3 -4 hours following amniotomy or spontaneous prelabor rupture of the fetal membranes.
Postterm pregnancy was defined as gestational age 42 + 0 weeks [12] . Prelabor rupture of the fetal membranes was diagnosed visually and induction was initiated after 36 -48 hours. The hypertensive disease group included women with essential hypertension, gestational hypertension or preeclampsia. The group imminent fetal distress included women with reduced fetal movements in combination with oligohydramniosis, antepartal pathological CTG or pathological umbilical arterial blood flow, decidual bleeding or Rhesus immunization. Psychosocial indications were fear of childbirth or normal pregnancy with pregnancy ailments. Maternal illness included women suffering from thrombophilia, malignancy, heart disease, or other chronic systemic diseases. The group fetal disease/indication included presumed macrosomia, anomalies or fetal cardiac arrhythmia. Women with gestational diabetes or diabetes mellitus were planned for induction at 38 -40 weeks. Primiparous women ≥ 40 years who had undergone in vitro fertilization (IVF) were planned for induction at 41 weeks. A long latency phase was defined as cervical dilatation ≤ 3 cm in spite of contractions lasting for 18 hours or more. In the duplex group, dichoriotic twin pregnancies with symmetric fetal growth were induced at 38 weeks and monochoriotic twin pregnancies with the same criteria at 37 weeks. Cervical ripening was categorized according to the Bishop scoring system monitoring 0 -2 points for consistency, effacement, dilatation, position and station in the pelvic canal. A BS > 5 was the criterion for a ripe cervix [13] . Hyperstimulation was defined as > 5 contractions every 10 min during 20 min monitored by CTG. An Apgar score < 7 at 5 min was the criterion for neonatal asphyxia [14] .
All data were entered into the computer program Statistica, version AX, StatSoft, Inc, Tulsa, Oklahoma, US (2014). The continous data were analyzed with one-way analysis of variance (ANOVA). Assumptions for parametric statistics were tested by Levene's and Bartlett's tests. Statistical significance was set at p < 0.05. A power analysis was performed based on previous data [4] [5] [15] . We estimated the rate of VB < 24 hours to 40% in the misoprostol group and assumed that VB < 24 hours would be achieved in 60% in the catheter group. Aiming at significance level 5% and 90% power, it would be necessary to include 125 women in each group.
Results
The indications for labor induction were similar between the groups ( Table 1) . Women suffering from IUFD were included in Table 1 and excluded from Tables 2-5 . The demographic maternal data, i.e. age, parity, gestational age and rate of preterm gestational age < 37 + 0 weeks (259 days), were comparable (p > 0.05). The mean BS was lower in the misoprostol group (p < 0.001, Table 2 ). Maternal outcomes are shown in Table 3 . Transcervical catheter was followed by a higher rate of VB < 24 hours in primiparous women and in women with BS 3 -4 (p < 0.001), but not in women with BS 0 -2 (p = 0.07). The CS rates were comparable in all groups (p > 0.05). The instrumental delivery rates did not differ (p > 0.05) and the main indication for an instrumental delivery with both methods was a prolonged second stage of labor (p > 0.05, data not shown).
The induction to vaginal delivery interval was 8 -12 hours shorter with catheter (p < 0.001, Table 4 ). In the misoprostol group, 24 women (9.0%) had a transcervical catheter inserted and 6 women (2.0%) were treated with vaginal PGE2 because of an unripe cervix with a BS < 5 after the maximum 8 doses of misoprostol. No insertion in the catheter group was followed by any other method for labor induction.
The rates of chorioamnionitis were comparable with the two methods (p > 0.05). The neonatal birth weight and rates of newborns with an Apgar score < 7 at 5 min were similar (p > 0.05, Table 5 ).
Among women with ruptured fetal membranes only (data not shown), VB < 24 hours was achieved in 75.5% with catheter and 53.2% with oral misoprostol (p > 0.05). The CS rate with catheter was 22.6% compared to 19% with oral misoprostol (p > 0.05).
Discussion
In this study, labor induction with transcervical catheter was compared to oral misoprostol treatment in primiparous Table 3 . Maternal outcomes. Women suffering from intrauterine fetal death are excluded. Table 4 . Induction to vaginal delivery intervals in hours (mean ± standard error). Women suffering from intrauterine fetal death and women delivered by cesarean section are excluded. women and women with an unripe cervix, who were at high risk for unsuccessful labor induction, resulting in prolonged labor and CS. An uncomplicated first childbirth is the primary positive prognostic factor for a later successful delivery [16] . The most common indications for labor induction were postterm pregnancy, prelabor rupture of the fetal membranes, hypertensive disease and imminent fetal distress. The demographic maternal data were comparable, except for the mean BS, which was lower in the misoprostol group. This was not a bias since subgroup analyses for different BS were performed. Transcervical catheter was followed by VB < 24 hours more frequently in primiparous women and women with BS 3 -4 compared to oral misoprostol. The lack of significance in women with BS 0 -2 could be explained by the limited sample size. The CS rates were comparable with the two methods in all groups, and the instrumental delivery rates were comparable. The major indication for a CS and an instrumental delivery with both methods was prolonged labor. The second indication was fetal distress, defined as a pathologic CTG pattern or a pathological fetal scalp lactate.
It was emphasized in clinical practice that cervical ripening with prostaglandins was hazardous among women with a previous CS because of an increased risk for uterine scar rupture [1] [5] . Forty women (12.6%) with a previous CS were treated with a transcervical catheter and 8 women (3.0%) with a previous CS were treated with oral misoprostol due to the individual physician's choice. However, no uterine ruptures were observed in our material. Labor induction with transcervical catheter has been related to an increased incidence of chorioamnionitis [17] . However, the incidence of chorioamnionitis in the present study was lower than the previously reported 15.2% after catheter and 14.3% after oral misoprostol [18] . The rates of chorioamnionitis in the catheter and oral misoprostol groups were comparable, and did not differ from the general incidence in the obstetric unit, being 1.3% in 2012 and 2013.
Strengths with this study were that data were collected from original medical records and the large sample size. The retrospective character was in itself a limitation.
The costs were low with both methods. In average, 5 doses of misoprostol were required to achieve a BS allowing for amniotomy. The cost for 5 fresh doses of misoprostol was €9.2 and the cost for 1 Foley catheter was €2.2.
There are, to our knowledge, very few reports on labor induction with transcervical catheter compared to treatment with oral misoprostol. Abramovici et al. investigated labor induction with oral misoprostol 50 μg every 4 hours up to a maximum of 6 doses in 98 women compared with transcervical catheter up to 12 hours in 99 women. VB < 24 hours was obtained in 84.8% after catheter versus 68.4% after misoprostol in all women, and 82.5% after catheter versus 53.4% after misoprostol in primiparous women. The authors concluded that misoprostol was as effective as catheter in multiparous women, but less efficacious in primiparous women [18] . Goonewardene et al. reported on labor induction in postterm pregnancy with oral misoprostol 25 μg every 4 hours for 24 hours in 74 women compared with catheter for 24 hours in 78 women. VB < 24 hours was not measured. The authors concluded that catheter was more effective than oral misoprostol [19] . The CS rates in the present study were comparable with those reported by Abramovici et al. [18] , but lower after misoprostol than reported by Goonewardene et al. [19] . In the ongoing multicenter PROBAAT-II study, initiated 2013 in the Netherlands, labor induction with a catheter for 4 days is compared to treatment with oral misoprostol 50 μg every 4 hours up to 3 doses a day during 4 days [20] .
In conclusion, labor induction with transcervical catheter resulted in a higher rate of VB < 24 hours and an 8 -12 hours shorter induction to vaginal delivery interval in primiparous women and women with an unripe cervix. This was obtained without increasing the rates of CS, chorioamnionitis or neonatal asphyxia.
